Objectives: Data of 9 years of surgical activity (on about 10 000 patients), obtained from the database of our cardiac surgery care centre, were analysed to assess time-related variations in demographics, clinical and surgical characteristics. Methods: Data of patients submitted to major cardiac surgery procedures between 1999 and 2007 were examined using the chi-square test, analysis of variance (ANOVA) test or non-parametric tests, where applicable. The 'linear-by-linear' association test was used to verify the existence of a time-related trend. A value of p < 0.05 was considered significant. Results: In the time interval of 9 years, there was an increment of valve procedures and a decrease in coronary revascularisation surgery. Patients aged 75 years or more at the time of operation increased from 17% in 1999 to 29% in 2005, and the percentage of patients aged 80 or more demonstrated a threefold increase. Operated patients had more co-morbidity (the rate of hypertension rate 43.7% in 1999 and 68.9% in 2007, and obese patients were 13% in 1999 and 17.5% in 2007) and had worse functional and cardiac status (reduced ejection fraction (EF), haemodynamic instability and shock). As a consequence, there was an increased calculated surgical risk. At the same time, there was no significant increment in the observed mortality (3.1% in 1999 vs 3.8% in 2007 for all patients and 1.6% compared with 1.5% in isolated coronary artery bypass graft (CABG) patients). Conclusions: These changes can reflect both a variation in the characteristics of the population and a major evolution in intervention cardiology and also impose more intensive and extensive postoperative treatment and less invasive cardiac surgery practice. #
Introduction
It is common opinion that patients submitted for cardiac surgery procedures in recent years are older, weaker, and with more co-morbidities than those operated in the past. Population ageing, the progress of non-invasive cardiology techniques and improved treatments, leading to an increased number of patients with chronic pathologies requiring cardiac surgery procedures, can account for that. On the other hand, improvement in anaesthetic, surgical and perioperative treatments allows surgeons to accept patients for operation who, only a few years ago, would have been refused. The same technical improvements can justify the observation that operative mortality and morbidity are not as high as patients' characteristics would suggest. To verify if these opinions are correct, we analysed, over a period of 9 years, variations in adult cardiac surgery patient's characteristics using a large clinical database of a tertiary-care cardiac surgery centre serving a geographical area with a population of about 1 500 000. Demographics, clinical aspects, surgery and outcome data, along with the logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE) expected risk and their time-related variations, were examined.
Material and methods

Data collection and definition
From January 1999, all data of adult patients submitted to major cardiac surgical procedures were prospectively collected in a clinical database. Data were recorded at three different times: at the time of admission before operation (preoperative data), at the completion of operation (operative data) and at discharge (postoperative data), and were submitted later to a double control from an administrative and a medical point of view, matching the recorded data with clinical and administrative charts. All verified records are locked and cannot be further modified. Variable definitions comply with those of the Society of Thoracic Surgeons National Cardiac Surgery Database (http://www.ctsnet.org/file/ 241DataSpecs.pdf) and those of the Italian Society of Cardiac Surgery Database (http://www.sicch.it/files/File/Dataset_ SICCH_v1.1.pdf). Further variables were added during software development to match definitions of principal risk score systems. Since its introduction, data of more of 12 000 patients have been recorded. This analysis includes patients operated consecutively between January 1999 and December 2007.
Statistical analysis
Data were exported in a statistical software package (SPSS 11.0, SPSS Inc., Chicago, IL, USA) and examined using the chisquare test, analysis of variance (ANOVA) test or nonparametric tests (Wilcoxon signed-rank, Friedman's test) where applicable. The 'linear-by-linear' association test was used to verify the existence of a time-related trend. A value of p < 0.05 was considered significant. Categorical data are expressed as percentage; continuous data are reported as mean AE standard deviation.
Results
Kind and number of operations
During a 9-year period, 10 135 cardiac surgery procedures were performed. In the count, we excluded procedures on the chest wall, all other kinds of procedures not directly involving the heart or great vessels and redo procedures performed during the same hospitalisation (i.e., mediastinal bleeding, tamponade, sternal dehiscence and so on). Overall and annual number of operations are reported in Table 1 .
Since 2002, there was a progressive erosion of coronary artery bypass graft (CAB) procedures with a rise in valve procedures, both isolated or combined with CAB (Fig. 1). 
Demographic characteristics and co-morbidity
Demographic data and co-morbidity are shown in Table 2 for all procedures and in Table 3 for isolated CAB procedures. Remarkably, there was a yearly rise in mean patients' age. Patients aged 75 years or more at the time of operation increased from 17% in 1999 to 29% in 2005 and the percentage of patients aged 80 or more had a threefold increase.
Moreover, the number of patients with hypertension and obesity increased, reaching a peak in more recent years: the incidence of hypertension was 43.7% in 1999 and 68.9% in 2007, and obese patients were 13% in 1999 and 17.5% in 2007.
The number of patients with symptomatic cardiac failure and haemodynamic instability (cardiogenic shock or the New York Heart Association (NYHA) class III-IV) and ventricular dysfunction (EF < 30) also increased.
These variations were unchanged when analysis was limited to the subgroup of CAB patients, in which there was an increase of cases with recent myocardial infarction and a decrease of patients with unstable angina, as well as a significant decrease of patients with previous surgical revascularisation ( Table 3 and Fig. 2 ).
Risk scoring system and outcome
The logistic EuroSCORE (ESL) had a significant increment from 6.2 in 1999 to 7.8 in 2007 (all procedures) and from 4 to 5.7 for CAB patients. In the same slot, hospital mortality remained constant (Table 4) . In both groups, there was a constant mortality overestimation using the logistic Euro-SCORE risk-prediction system. Yearly prevalence of high-risk patients (EuroSCORE > 10) increased from 7.7% in 1999 to 12.7% in 2007 for isolated CAB patients ( p < 0.001) but was unchanged in isolated valve patients and increased in CAB + valve patients ( p = n.s.) ( Table 5) .
Patients with obesity had higher EuroSCORE then non-obese ones (7.2 AE 9.9 vs 6.3 AE 8.9, p = 0.001), longer intensive care unit (ICU) stay (63 AE 130 h vs 54 AE 110 h, p = 0.005) and longer postoperative hospital stay (10.3 AE 10.6 day vs 9.5 AE 8.4 day, p = 0.04). Obese patients had a significantly higher rate of sternal wound infections than non-obese patients (2.7% compared with 1.3% in non-obese patients, p = 0.001), but the rates of the pulmonary and neurologic complications and the rate of hospital mortality were similar.
Diabetic patients demonstrated ICU and postoperative hospital stays similar to non-diabetic ones and also a similar incidence of renal, pulmonary and neurologic complications and sternal wound infections.
Diabetic patients had a higher rate of postoperative renal failure (3.8% compared with 3.0% of non-diabetic patients, p = 0.05 but their incidence of sternal wound infections, pulmonary and neurologic complications such as hospital mortality did not differ from those of the other patients. Patients submitted to isolated CAB with diabetes had a higher incidence of pulmonary complications than non-diabetics (4.1% vs 2.7%, p = 0.002) and a non-significant increase in sternal wound infections (2% vs 1.6, p = 0.2). Sternal wound infections in diabetics have progressively increased in recent years, probably linked to a wider use of double mammary revascularisation also in this patient subgroup. Furthermore, ESL mean of diabetic patients was similar to non-diabetic ones (6.9 AE 9.7 vs 7.1 AE 9.8, p = 0.4).
Hypertensive patients had significantly higher ICU stay and postoperative LOS than non-hypertensive ones (58.1 AE 118.7 vs 51.6 AE 105.3 h, p = 0.01 and 9.8 AE 9.4 vs 9.3 AE 7.7, p = 0.004, respectively). Their mean ESL was 7.3 AE 9.9, which is significantly higher compared with the figures of patients without hypertension (6.8 AE 9.6, p = 0.006). Hypertensive patients had a significantly higher incidence of pulmonary complications (7%) and renal failure (3.5%) than non-hypertensive patients (5.8% and 2.8%, p = 0.01 and 0.05, respectively). The rate of sternal wound infections, neurologic complications and hospital mortality did not increase in hypertensive patients. 
Discussion
There is widespread recognition of progressive worsening of patients submitted to cardiac surgery procedures, although there are few data in the literature regarding this issue. For this reason, we examined a 9-year population consecutively submitted for surgery at our institution. There was no selection filter: all patients operated at our institution entered this study, as we wished to examine the whole activity of an adult cardiac surgery centre. There was only one exception to this criterion: as our institution also practises paediatric cardiac surgery activity, patients under 18 years of age were excluded from the analysis. Patients submitted to correction of congenital heart diseases and over 18 years of age were admitted to the study.
We believe that data of our surgical activity should be representative of the real-world trend in cardiac surgery. In the Italian region Marche, the Cardiac Surgery Department of Ancona Hospital is the only centre performing cardiac surgery, serving a population of 1 500 000. The 'Marche Cardiology Network' is organised in a 'hub and spoke' fashion. There are three invasive cardiology hubs performing percutaneous intervention and only one cardiac surgery hub serving the network of 12 primary care centres. Due to the regional administration of the public health system in Italy and to the hub-and-spoke organisation, patients requiring cardiac surgery procedures and residing in our region are those most frequently operated on in our centre. This accounts for a homogeneity of the cohort examined; moreover, in the time interval examined, there were only a few variations in the cardiac surgery team. The Marche is a region in central Italy, which has a combination of rural and small-medium-sized metropolitan areas. During the period of this study, the Marche region was faced with a growth in employment and very low unemployed rates. The number of immigrants constantly increased during the period of the study reaching 3% of the Marche population.
Even though the dietetic regimen of the Marche inhabitants is a typically 'Mediterranean' one, there is a prevailing trend of overweight and obesity. The rate of smokers in the Marche population is similar to the national value (about 48% of smokers, with an increasing trend among the younger generations; http://www.istat.it/sanita/ Health/). These social, economic and health characteristics are comparable with those of middle and south European countries, so we believe that our results can be generalised to a wide number of cardiac surgery services.
The first consideration that arises from this study is that there is a clear increase in the age of patients operated. Other studies have emphasised this phenomenon [1] [2] [3] . Analysing a large series of 30 319 patients submitted to coronary revascularisation or valve operation in a 20-year interval, Northrup III and colleagues reported an increment of the patients' mean age from 55.9 years in 1979 to 65.8 in 1999 [1] . In the 2004 update of a work previously published in 1994 [2] , based on the surgical activity in Maine, New Hampshire and Vermont, Disch and co-workers confirmed the trend in the age increase [3] .
This ageing trend can be the consequence of demographic factors. In the Western world, there is progressive population ageing. In Italy, the proportion of resident population aged 65 or more has increased significantly in recent years: in the Marche region, patients aged 65 years or more rose from 15.21% to 22.47% between 1982 and 2005 and the population aged 85 or more was 0.58% and 1.64%, respectively (http:// www.istat.it/sanita/Health/).
This can be ascribed to low birth rates, but it is also the result of a progressive increase in life span. In fact, life expectancy has increased in the last few years in Italy and particularly in the Marche region: life expectancy at birth is 79.3 years for males and 85 years for females.
Population ageing and prolonged life expectancy are the direct cause of the increment of aged patients submitted for cardiac surgery procedures.
Older patients can now face cardiac surgery at a relatively lower risk than in the past, given the advancement in anaesthesiology, surgery and critical care, but they are more subject to death [4] or a complicated postoperative course and longer hospitalisation than younger patients [5] . They also need a more intensive rehabilitation treatment and have a slower return to normal life. This is particularly true for patients aged 80 and more, as clearly demonstrated in many studies [2, 4, 6] .
Moreover, there has been a temporal increase in the incidence of obesity and hypertension; the incidence of diabetes has also increased, although not in a significant way: all these risk factors have been associated with a worse postoperative course. It is known that hypertensive patients, particularly females, have a major incidence of postoperative neurological complications [7] . Postoperative hypertension peaks are also related to major surgical bleeding and cardio depression [8] . There is a direct relationship between diabetes mellitus and postoperative morbidity and mortality [9] . Postoperative hyperglycaemias increase the risk of wound infection [10] , sternal revision, respiratory insufficiency, postoperative delirium or stroke and renal dysfunction [11] . Obesity has been associated with an increase in wound infection, prolonged mechanical ventilation and prolonged postoperative intensive care unit and hospital stay [12] .
All the above-mentioned conditions are associated with major hospital costs that have been estimated as over 20% in older patients [6] .
In our experience, diabetes patients did not face a worse postoperative course compared to non-diabetic ones, but obese and hypertensive patients showed a significantly higher incidence of postoperative complications and a more lengthy ICU and postoperative stay. Patients with these co-morbidities (whose incidence showed a yearly increase) required more intensive resource use and consequentially, major assistential costs also if the mortality was substantially unmodified.
In recent years, there have been many changes in cardiology practice that have had major consequences on [13] . When comparing the number of cardiac catheterisation patients submitted to CAB 12 months before and 12 months after implementation of DES at Beth Israel Deacomness Medical Center, Liddicoat and co-workers found a significant 14% reduction [14] .
Using data from Californian Hospitals and those published by the New York State, Carey showed the shift between surgical and percutaneous revascularisation, with more patients undergoing PCI in both California and New York. The authors noticed a statistically significant relation between PCI volume and CAB mortality, with increment in CAB mortality associated with an increment of PCI volume, probably due to selection of high-risk patients referred for surgical revascularisation [15] .
In our area, the practice of PTCA is in constant growth: the Marche region has three centres performing invasive cardiology: the cumulative number of PTCA reached an increment of more than 300% between 1999 and 2007, 80% of procedures using DES; simultaneously, the number of CAB patients was reduced by about 10% (Fig. 3) (http://www.gise.it).
Diffusion of coronary angiography practice and its routine application to patients with acute coronary syndrome (ACS) can explain the increased number of patients submitted to surgery soon after a myocardial infarction. This increase can also be partially related to the different classification of myocardial infarction definition introduced in the 2000 document developed under the auspices of the European Society of Cardiology and American College of Cardiology [16] . With the new definitions, there should be a shift between patients diagnosed as having unstable angina to patients having myocardial infarction [17] . Changes introduced in the above definitions can explain data on the reduction of operated patients with a diagnosis of unstable angina (defined as patients needing nitrate intravenous at time of surgery): in more recent cases, 'unstable angina' would have been re-coded as 'acute coronary syndrome' and included in the subgroup of 'recent MI'; an increase of 'recent MI' patients is also related to the health policy tendency to perform all procedures needed during the same admission: so patients with ACS are submitted in sequence to coronary angiography and, if indicated, to revascularisation without discharge between procedures.
Our study shows a progressive reduction of patients with previous CAB surgery and needing a new surgical revascularisation. This observation can be explained both with an increment of all arterial revascularisations in our surgical practice and with the wider non-surgical treatment of previous surgically revascularised patients with graft disease. There is the other face of the coin: in our experience, patients submitted to surgical revascularisation having had previous percutaneous treatments are in constant growth and a small but significant increase of the low rate of angiographic accidents requiring emergent surgery was observed (Fig. 2) . Faced with a decrease of patients referred for CAB, we have noticed an increase of patients requiring valvular surgery and combined valvular and coronary procedures. This phenomenon can still be explained with the diffusion of PCI practice. Ageing of the population and selection of patients with isolated coronary artery disease for PCI procedure determine the relative increment of patients with a combined pathology admitted for surgery.
However, there has also been a transformation in the patient population: we have had a growth both of aged patients with degenerative aortic valvular disease and of younger patients, often immigrants from outside EU, with rheumatic valvular disease.
There was a progressive increment in the annual mean of risk estimation calculated with logistic EuroSCORE [18] . Operative mortality did not increase either in correspondence with all surgery populations or with the CAB population. These results, partially related to predictor system overestimation [19] , can be explained by a better quality of treatment and improvement in surgical and anaesthesiology procedures [20] .
Conclusion
The study of a large adult patient population submitted over a period of 9 years to cardiac surgery, homogeneous in their place of origin and referred to a single high-volume cardiac surgery tertiary-care centre, including all kinds of cardiac surgery, revealed a trend towards the treatment of older patients, with more co-morbidity and with an elevated surgical risk. These phenomena can be attributed both to changes in the cardiology practice and to variations in the demographic characteristics of the population. The increase of high-risk patients is associated with higher welfare costs. The management of older and more fragile patients could lead to a development and evaluation of novel anaesthetic, surgical and critical-care techniques which, in turn, would lead to additional expenditures. This is a cause for concern in this era of managed medicine.
Pitfalls
This is a single-institution database-based study with all inherent limitations. Its strength is in the homogeneity of the population observed but that could be undermined by patients' mobility: as our centre is the only one performing cardiac surgery in the regional area, some patients resident in the Marche could go for their cardiac surgical procedures elsewhere. This is particularly true for the population living in regional border areas and is documented by administrative sources, but considers only a few cases. More than 85% of patients treated in this report were resident in our region, thus strengthening our hypothesis of homogeneity.
